Here we describe and compare the expression patterns of the murine genes Lhx2 and Msx1 and their Drosophila orthologues apterous (ap) and muscle-segment homeobox (msh). We ®nd that Lhx2 and Msx1 show complementary patterns of expression in most tissues including the neural and cranial epithelium, pituitary gland, olfactory organs, and neural tube; in contrast, Lhx2 and Msx1 are coexpressed in the developing limbs. Strikingly, the spatial relationship between ap and msh expression in Drosophila is very reminiscent of the expression of their murine orthologues. ap and msh show complementary expression in the leg and antennal imaginal discs, brain and ventral ganglion of the central nervous system (CNS), but both are coexpressed in the wing imaginal disc. These observations suggest conservation in the regulation of these genes between Drosophila and mice. q
The vertebrate genes Msx1 and Lhx2, and their respective Drosophila homologues msh and ap, encode for transcription factors (Hill et al., 1989; Robert et al., 1989; Bourgouin et al., 1992; Cohen et al., 1992; Lord et al., 1995; D'Alessio and Frasch, 1996; Rinco Ân-Limas et al., 1999) and play many important roles during development. The Msx1 homeobox gene mediates epithelial-mesenchymal interactions (Davidson, 1995) and its mutations cause cranio-facial abnormalities (Satokata and Maas, 1994; Houzelstein et al., 1997) . In Drosophila, msh has been shown to be required for neurogenesis and myogenesis (Lord et al., 1995; D'Alessio and Frasch, 1996; Isshiki et al., 1997; Nose et al., 1998) The murine Lhx2 LIM-homeobox gene is essential for eye and brain development as well as for erythropoiesis (Porter et al., 1997) . In Drosophila, Lhx2 is functionally interchangeable with ap (Rinco Ân-Limas et al., 1999), a gene required for wing patterning, neuronal fasciculation, muscle development, fertility, and normal viability (Bourgouin et al., 1992; Cohen et al., 1992; Diaz-Benjumea and Cohen, 1993; Lundgren et al., 1995) . In addition, it has been shown that the chick orthologue cLhx2, like Drosophila ap, regulates fringe expression and is required for limb outgrowth (Rodriguez-Esteban et al., 1998).
Results
We have previously shown that Msx1 and Lhx2 gene products can physically interact through their homeodomains (Bendall et al., 1998) ; however, the biological relevance of this physical interaction is unknown. As a ®rst step to understand this interaction, we investigated the relative expression patterns of Msx1 and Lhx2 in mouse embryos. In addition, we compared the expression patterns of their Drosophila orthologues, msh and ap.
Using Lhx2 and Msx1 RNAs as probes, we found that both genes are coexpressed in the progress zone of the developing mouse limbs (Fig. 1A,B ; see also Bendall et al., 1998) . However, Lhx2 is excluded from the tip of the limb bud corresponding to the apical ectodermal ridge (AER, Fig. 1A ), whereas Msx1 is expressed in this area (Fig. 1B) . Interestingly, we found that the Drosophila genes msh and ap also exhibit overlapping expression patterns in the wing imaginal disc, particularly within the dorsal compartment (Fig. 1C±E) . msh is also expressed in the anterior mesopleura where ap is not expressed Fig. 1D ,E). Similar expression pro®les were observed in haltere discs (data not shown).
We then investigated the spatial relationship between Lhx2 and Msx1 expression in other embryonic areas. In contrast to the limbs, we found that Lhx2 and Msx1 have reciprocal expression patterns in other regions, including mutually exclusive domains within the same tissue and juxtaposed domains in adjacent tissues. For instance, Msx1 and Lhx2 are both expressed in the olfactory epithelium, however Msx1 is restricted to the anterior region, while Lhx2 is in the posterior region that precisely ®lls the Msx1-negative area (Fig. 2A±C,G±I) . Sagittal views revealed that Msx1 is expressed in the medial and lateral nasal processes, whereas Lhx2 seems to label the epithelium of the vomeronasal organ (Fig. 2D±F ). In addition, Msx1 and Lhx2 are both expressed in the dorsal neural tube, however, Msx1 is prominent at the roof plate, whereas Lhx2 is directly lateral to the Msx1-positive zone in the marginal layer of the dorsal commissures (Fig. 2M±  O) .
The second type of reciprocal expression is that seen in adjacent tissue layers. For instance, Msx1 is expressed in the developing anterior pituitary, called Rathke's pouch, while Lhx2 is expressed in the base of the diencephalon and its infundibular evagination which will form the posterior pituitary (Fig. 2D±F ). In addition, Msx1 is expressed in the cranial epithelium, whereas Lhx2 is expressed in the underlying neural epithelium (Fig. 2A±C,G±I) . Indeed, we found that Lhx2 is absent in the roof between the telencephalic hemispheres, which is a region strongly labeled by Msx1 (arrowheads in Fig. 2J±L ).
We then examined ap and msh expression in other Drosophila tissues. We found that ap is expressed in a ring-like domain corresponding to the presumptive fourth tarsal segment of the leg discs, whereas msh is expressed in two arc-like domains that¯ank the ap territory (Fig. 3A±C) . In the eye-antennal disc, msh is broadly expressed in the eye portion of the disc and in several ring-like domains within the antenna region, the stronger of which is found in the second antennal segment. In contrast, ap is speci®cally expressed in the center of the antenna disc, where it shares discrete areas of overlapping and complementary expression with msh (Fig. 3D±F) . We also found that ap and msh have mutually exclusive domains within the brain and ventral ganglion (Fig. 3G±J) .
In closing, our data provide previously unreported expression pro®les for msh in Drosophila larval stages, and uncover a conserved spatial relationship between the expression of msh/ap and Msx1/Lhx2 genes during evolution.
Materials and methods

In situ hybridization
Lhx2 and Msx1 riboprobes as well as procedures for in situ hybridization were previously described (Bendall et al., 1998; Rinco Ân-Limas et al., 1999) .
Drosophila crosses and expression analysis
The UAS-GFP marker was introduced into the ap-GAL4 MD544 , which recapitulates ap expression (Calleja et al., 1996) . The resulting stock was crossed with the msh D 89 -lacZ enhancer detector, which expresses lacZ in a msh-like pattern (Nose et al., 1998) . Simultaneous reporter gene expression in larval tissues was revealed by GFP visualization and immuno¯uorescence. Mouse monoclonal antib-galactosidase antibodies (1:1000, Promega) and goat antimouse-Cy3 (1:500, Jackson ImmunoResearch Laboratories) were used. Imaging was carried out on a BioRad MRC1024 confocal microscope. In the bottom row, the in situ signals have been colored and overlaid with Adobe Photoshop to facilitate comparison of the data. Ce, cranial epithelium; Dc, dorsolateral commissures; Ey, eye; Fp,¯oor plate; In, infundibular recess; Lb, limb; Ln, lateral nasal process; Lv, lateral ventricles; Md, mandible; Mn, medial nasal process; Mx, maxilla; Ne, neural epithelium; Np, nasal pits; NT, neural tube; Oe, olfactory epithelium; Os, optic stalk; Ra, Rathke's pouch; Rp, roof plate; Vn, vomeronasal organ; III, third ventricle; IV, fourth ventricle. Arrowhead points to the roof between the telencephalic hemispheres.
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